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(54) THERMOSETTING COMPOSITION 

(57) An object of the invention is to provide a heat 
curable composition having both of an excellent storage 
stability and low-temperature curability. The heat cura- 
ble composition of this invention comprises (A) a 
polyisocyanate compound and. an urethane prepolymer 
having a terminal active isocyanate group which Is pre- 
pared by reacting a polyol component with an excess 
amount of a polyisocyanate compound, which are used 
each alone or in a combination threof; and (B) a fine 
particles-coated amine which is prepared by coating an 
active amino group on the surface of a solid amine hav- 
ing a melting point of >50 ''C and a mean particle size of 
<20 pm with fine particles having a mean particle size of 
52 ^im in a ratio of the solid amine / the fine particles of 
1/0.001 to 0.5 by weight. 
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Description 

ToghniQ^l Fj^M 

5 This invention relates to a heat curable composition, more particularly to a heat curable composition useful for an 
adhesive, a sealant a coating material and other formed products having an excellent storage stability in a sealed ves- 
sel, a low-temperature curability, a rubber-like physical property and the like. 

Prior Art 

10 

Up to this date, a one-pack type heat curable composition which is prepared by dispersing a polyamlne compound 
in an isocyanate component has been known, and one embodiment of such composition is a one-pack type heat cura- 
ble composition which is prepared by blending an urethane prepolymer having a terminal active isocyanate group, 
which is obtained by reacting a polyol component with an excess amount of a polyisocyanate compound, with a disper- 

15 sion of a solid amine in a liquid paraffin at a temperature of ^40''C and the composition can be applied as an adhesive, 
a sealant and the like (see. Japanese Patent First Publication No. 32948/93). This known composition is cured at a tem- 
perature of over a melting point of a solid amine compound (e.g. 80 "C) , therefore it has an excellent low-temperature 
curability. However, it cannot be applied to practical use because of its insufficient storage stability in a sealed vessel 
(particularly, a storage stability at 40'*C). 

20 The storage stability is an important property in order to estimate a commercial value of a product such as an adhe- 
sive and a sealant, and further a low-temperature curability is also an important property for saving energy and saving 
resources. Accordingly, it is strongly demanded to develop a composition having both of the properties. 

Detailed Description of the Invention 

25 

Under the circumstances, the present inventors have intensively studied, and as a result, have found that by adding 
an additional amine-coating step onto a conventional process for preparing the known heat curable composition which 
comprises an isocyanate component and a solid amine, the solid amine can be dispersed more easily in an isocyanate 
component (a urethane prepolymer having a terminal active isocyanate group) and thereby the composition has excel- 

30 lent storage stability, wherein said amine-coating step comprising coating the active amino groups on the surface of the 
solid amine having a melting point >50°C and a specific mean particle size with fine particles having a specific mean 
particle size, further that the composition prepared according to such process can be heat-cured under a low-temper- 
ature condition (e.g. 60 to 100**C x 10 min.) because the surface-coating of the solid amine is melted by heating to 
appear an active amino group on the surface thereof, and further that, in the above process, as an isocyanate compo- 

35 nent. a polyisocyanate compound can be used instead of or in a combination with an urethane prepolymer having a ter- 
minal active isocyanate group. 'I 
This invention provides a heat curable composition comprising 

(A) a polyisocyanate compound and an urethane prepolymer having a terminal active isocyanate group which is 
40 prepared by reacting a polyol component with an excess amount of a polyisocyanate compound, which are used 

each alone or in combination thereof; and 

(B) a fine particles -coated amine which is prepared by coating an active amino group on the surface of a solid 
amine having a melting point of >50 °C and a mean particle size of <20 ix(r\ with fine particles having a mean par- 
ticle size of <2 |im in a ratio of the solid amine / the fine particles of 1/0.001 to 0,5 by weight. 

45 

The polyisocyanate compound used in this invention includes aromatic, aliphatic and alicyclic polyisocyanate com- 
pounds, for example, tolylene diisocyanate (TDI), diphenylmethanediisocyanate (MDl), 3,3*-dimethyl-4,4'-biphenylene 
diisocyanate. 1,4-phenylene diisocyanate. xylylene diisocyanate, tetramethylxylylene diisocyanate, naphthylene diiso- 
cyanate, dicyciohexylmethane-4,4' -diisocyanate. crude TDI, polymethylene polypheny! isocyanate. isophorone diisocy- 

50 anate, hexamethylene diisocyanate, hydrogenated xylylene diisocyanate, and isocyanurate, carbodiimide or biuret 
compounds of these isocyanate compounds, which may be used alone or in combination of two or more thereof. 

The urethane prepolymer having a terminal active isocyanate group (NCO) used in this invention (abbreviated a 
terminal NCO prepolymer, hereinafter) can be prepared by reacting a conventional polyol component with an excess 
amount of a polyisocyanate compound in a equivalent ratio of 1 :1 .2 to 3.5. This reaction can be carried out under a cer- 

55 tain condition, for example, at a room temperature of 60 to 90 °C for 1 to 7 hours, optionally in the presence of an appro- 
preate reaction promoting catalyst (e.g. organic tin compound such as dibutyltin dilaurate. bismuth compound such as 
bismuth octynoate. tertiary amine compound such as 1 ,4-diaza[2.2.2]bicyclooctane. etc.) in an appropriate solvent (e.g. 
ethyl acetate, toluene, xylene, etc.). The resulted terminal NCO prepolymer is normally required to have a terminal NCO 
content of 0.5 to 5 % by weight and a viscosity of 5000 to 500000 cps/20**C. 
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The polyol component in this invention includes, for example, polyether polyols which are made by addition polym- 
erization between water, polyhydric alcohol (e.g. ethylene glycol, propylene glycol, glycerine, trimethyloi propane, pen- 
taerythritol, sorbitol, sucrose, etc.) and alkylene oxide (e.g. propylene oxide, or a mixture of propylene oxide and 
ethylene oxide, etc.): ethylene glycol, propylene glycol and oligoglycols thereof: butylene glycol, hexylene glycol, poly- 

5 tetramethylene ether glycols: polycaprolactone polyols; polyester polyols such as polyethylene adipate; polybutadiene 
polyols; higher fatty acid esters having hydroxyl group such as castor oil; polymer polyols which are prepared by graft 
polymerization of polyether polyols or polyester polyols with a vinyl monomer 

As the isocyanate component (A) of this invention, the above polyisocyanate compound and a prepolymer having 
a terminal NCO may be used each alone or in combination thereof. 

JO The solid amine used in this invention includes aromatic or aliphatic amine compounds having a melting point of 
^50*'C. for example, aromatic amines such as 4.4'<Jiam4nodiphenylmethane. 2.4'-diaminodiphenylmethane, 3,3'-dlami' 
nodiphenylmethane. 3.4'-diaminodiphenyimethane. 2.2'-diaminobiphenyi, 2.4'-diaminobiphenyl. 3,3'-diaminobiphenyl. 
2,4-diaminophenol, 2.5-diaminophenol, o-phenylene diamine, m-phenylene diamine. 2.3-tolylene diamine. 2.4-toiylene 
diamine, 2.5-toIylene diamine. 2.6-tolylene diamine, 3.4-tolyIene diamine, etc.; and aliphatic amines such as 1.12- 

IS dodecanediamine. 1,10-decanediamine, 1 ,8-octanediamine. 1.14-tetradecanediamine, 1.16-hexadecanediamine. etc.. 
which may be used alone or in combination of two or more thereof. These solid amines are controlled to have a mean 
. particle size of less than 20 jim, preferably 3 to 15 |.im. When the mean particle size is more than 20 ^m. the composi- 
tion of this invention do not show the desired physical properties because the polyurethane can not be cured completely 
by heat. 

20 The amine coated by fine particles, which is the component (B ) of this invention, is prepared by means of a shear- 
ing friction blending method, that is. grinding the above solid amine so as to give the desired mean particle size, simul- 
taneously adding the fine particles to the amine and grinding the mixture so as to give the desired mean particle size of 
the fine particles, and thereby the fine particles are fixed to the surface of the solid amine. Alternatively, the fine parti- 
cles-coated amine can be prepared by mixing previously pulverized solid amine with the fine particles in a high-speed 

25 impact mixing machine or a compression shearing mixing machine. The high-speed impact mixing machine is more 
preferably used. 

The fine particles includes inorganic and organic compounds, for example, inorganic compounds such as titanium 

oxide, calcium carbonate, clay, silica, zirconia. carbon, alumina, talc, etc.; and organic compounds such as polyvinyl 
chloride, polyacryiic acid resin, polystyrene , polyethylene, etc., which may be used alone or in combination of two or 
30 more thereof. The solid amine and the fine particles may be incorporated in a weight ratio of 1 0.001 to 0.5. preferably 
1 ;0.002 to 0.4. When the ratio of the fine particles is less than 0.001, the composition of this invention shows no storage 
stability, and on the other hand, even when the ratio of the fine particles is over 0.5. the storage stability of the compo- 
sition is no more improved. 

The above blending and grinding process are resulted in a fixation of the fine particles on the surface of the solid 

35 amine. This will probably be based on the mechanisms that the fine particles are fixed on the surface of the solid amine 
owing to static electricity generated by grinding; the solid amine is melted in portion by exotherm generation caused by 
friction, impact and compression shearing due to mechanical mixig in the mixing machine; or the fine particles are phys- 
ically anchored to or embedded in the surface of the solid amine; or they are chemically activated and then fixed. 
(Accordingly, the active amino group (NH2) on the surface of the solid amine is coated by the fine particles). It is impor- 

40 tant that the fixed fine particles have a mean particle size of <2 iim, preferably ^1 |jm. When it is more than 2 um. the 
fine particles are not fixed to the surface of the solid amine. 

The fine particles-coated amine acts as a curing agent for the above mentioned isocyanate component (A), The 
remaining active amino groups may additionally be inactivated by reacting with a liquid isocyanate compound usually 
at a temperature of below a melting point of the amine. 

45 The liquid isocyanate which may be used in this invention includes, for example, crude MDI. p-to!uenesulfonyl iso- 
cyanate and isophorone diisocyanate. TDI, n-octadecyl isocyanate, etc. The liquid isocyanate and the solid amine may 
usually be incorporated in a equivalent ratio of NH2/NCO of 1 :0.01 to 0.5. When the inactivation using such liquid iso- 
cyanate compounds is done, the composition of this invention has more excellent storage stability than doing only coat- 
ing treatment using the fine particles. When the equivalent ratio of NCO is less than 0.01. the desired increase of 

50 storage stability cannot be obtained and on the other hand, even when the ratio of NCO is over 0.5, the storage stability 
of the composition is no more improved. 

The fine particles-coated amine (B). which is prepared by coating with the fine particles and is optionally subjected 
to additional inactivation with the liquid isocyanate compound, is activated at a curing temperature (usually 60 to 
100°C), and the NH2 groups appeared by heating activation contribute to the curing reaction with the NCO of the iso- 

55 cyanate component (A). Thus, the components (A) and (B) may usually be incorporated so as to be in a equivalent ratio 
of the'amino group and the isocyanate group of 1 :0.5 to 2.0 after the heat-activation. 

The heat curable composition of this invention comprises the isocyanate component (A) and the fine particles- 
coated amine (B) and optionally an appropreate amount of a multifunctional epoxy resin as the component (C). said 
epoxy resin being effective for giving excellent physical properties, particularly high durability against a compression set 
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to the cured composition. 

The epoxy resin includes, for example, bisphenol A epoxy resin, bisphenol F epoxy resin, bisphenoi AD epoxy 
resin, phenolic epoxy resin, cresolic epoxy resin, alicyciic epoxy resin, glycidyl ester epoxy resin and glycidylamine 
epoxy resin, and a liquid epoxy resin is especially preferable. Incorporation of the epoxy resin (C) induces a three 
dimensionalization reaction between the epoxy resin (C) and the solid amine in addition to the above-mentioned curing 
reaction of the isocyanate component (A) with the solid amine, and as a result, a net work structure is formed, by which 
an excellent cured product having the high durability can be obtained. The epoxy resin (C) may usually be incorporated 
in an amount of 1 to 15 parts by weight to 100 part by weight of the isocyanate component (A). When the amount is less 
than 1 part by weight, the expected properties owing to epoxy resin is not exhibited, and on the other hand, when the 
amount is over IS parts by weight, a rubber-like property of the cured product is deteriorated. If the properties owing to 
the epoxy resin (C) is desired, the content of the epoxy resin (C) may be enriched. 

Further, other conventional additives may optionally be incorporated in an appropriate amount. The other additives 
includes, for example, urethane catalysts, solvents (e.g. week polar solvent such as aliphatic hydrocarbons, aromatic 
hydrocarbons, alicyciic hydrocarbons, hydrocarbon halides, ethers, esters, ketones, etc., particularly preferably 
aliphatic hydrocarbons), plasticizers (e.g. dibUyl phthalate. dioctyl phfhalate. dicyclohexyl phthalate. diisooctyl phtha- 
late. diisodecyl phthalate. dibenzyl phthalate. butyl benzyl phthalate. trioctyl phosphate, epoxy plasticizer. toluene-sul- 
fcnamide. chloroparaffin. adipates, castor oil, etc.), thixotropic agents, ultraviolet absorbers, antioxidants dyes and 
pigments, tackifiers. dehydrating agents, and the like. 

The urethane catalysts includes DBU (1.8-diazabicyclo(5.4.0)undecene-7] compounds such as DBU. D8U phe- 
nolic salt. DBU octynoate, DBU formate, etc.; amines such as monoamineds(e.g. triethlamine, etc.). diamines (e.g 
N.N.N'.N'-tetrametylethylene diamine, etc.), triamines (e.g. tetramelhylguanidine. etc.). cyclic amines (e.g. triethylene 
diamine, etc.). alcoholic amines (e.g. dimethylamino methanol, etc.), etheric amines [e.g. bis(2-dimethylaminoethyl) 
ether, etc.); organic carboxylic acid metal salts such as Sn compounds (e.g. dibutyltin dilaurate. tin octynoate. etc.). Pb 
compounds (e.g. lead octynoate, etc.). Zn compounds (e.g. zinc octynoate. etc.): imidazoles such as 2-mehylimidazole 
1 .2-dimethylimidazole. and the like. 

Best mode for carrying out the inventinn 

This invention is illustrated by the following Examples and Reference Examples. The term "part" as stated herein- 
after means part by weight. 

Preparation 1 : Preparation of a prepolymer having a terminal NCO 

Polyether polyol having an average molecular weight of 2.000 [Excenol 2020, manufactured by Asahi Glass. Co. 
Ltd.] (79.3 parts) and diphenylmethane diisocyanate (20.7 parts) were reacted at a temperature of SO-C for 2 hours to 
give a prepolymer having a terminal NCO content of 3.5 % and a viscosity of 20,000 cps/ZO'C. 

Preparation 2: Preparation of a fine particles-coated amine 

1.12-dodecanediamine having a mean particle size of about 2 mm (melting point 7rc. 83.3 parts) and fine parti- 
cles of polyvinyl chloride having a mean particle size of about 0.3 pm (16.7 parts) were mixed and the mixture was 
ground in a jet mill to give a fine particles-coated amine having a mean particle size of about 10 urn (100 parts). 

Example 1 

The prepolymer having a terminal NCO prepared in Preparation 1 (90.9 parts) and the fine particles-coated amine 
prepared in Preparation 2 were mixed and dispersed with a Chemistirrer to give a one-pack type heat curable compo- 
sition. 

E.xample 2 

The fine particles-coated amine prepared in Preparation 2 ( 1 2.4 parts) and a liquid isocyanate compound (Sumidur 
44V-20. manufactured by Bayer Corp.) (2.5 parts) were mixed and dispersed, by which remaining active amino groups 
on the surface of the coated amine were inactivated (NH2/NCO=1/0. 18). Then, this reaction mixture and the prepolymer 
having a terminal NCO prepared in Preparation 1 (85.1 parts) were mixed and dispersed using a Chemistirrer to give a 
one-pack type heat curable composition. 



Example 3 



The fine particles-coated amine prepared in Preparation 2 (12.5 parts) and a liquid isocyanate compound (Additive 
Tl, manufactured by Bayer Corp.) (1.1 parts) were mixed and dispersed, by which remaining active amino groups on 
the surface of the coated amine were inactivated (NH2/NCOai/0.04). 

Then, to this reaction mixture, the prepolymer having a terminal NCO prepared in Preparation 1 (80.4 parts) and 
an epoxy resin (Epikote 828, manufactured by Yuka shell K.K.) (6 parts) were mixed and dispersed using a Chemistirrer 
to give a one-pack type heat curable composition. 

Reference Example 1 

1 .1 2-Dodecanediamine having a mean particle size of about 2 mm was ground in a jet mill to give the diamine hav- 
ing a mean particle size of about 10 }im. 

Thus prepared finely ground amine (7.7 parts) and the prepolymer having a terminal NCO in Preparation 1 (92.3 
parts) were mixed and dispersed using a Chemistirrer to give a one-pack type heat curable composition. 

Reference Example 2 

1 . 1 2-Dodecanediamine having a mean particle size of about 1 0 ^m (7.5 parts) and a liquid paraffin ( 1 1 parts) were 
mixed and dispersed. To the mixture, the prepolymer having a terminal NCO in Preparation 1 (7.4 parts) was mixed and 
dispersed to give a one-pack type heat curable composition. 

Experiments for orooer ties 

(1) Storage stability 

The compositions in Example 1 to 3 and Reference Example 1 & 2 were kept in a sealed vessel at a temperature 
of 40°C for 1 to 14 days, and thereafter, the increased viscosity (the initial viscosity before storage: 100) was deter- 
mined. The results are shown In Table 1. 

(2) Curability at 100°C and physical properties of the cured product 

The compositions in Example 1 to 3 and Reference Example 1 & 2 were spreaded on a releasing paper with a thick- 
ness of 2 mm. cured by heating at lOO'^C for 10 minutes, and thereafter, each No. 3 dumbbell property of the film formed 
by the curing was determined, respectively The results are shown in Table 1. 

(3) Gelation time ? 

The compositions in Example 1 to 3 and Reference Example 1 & 2 were spreaded on a hot plate with a thickness 
of 200 um and each gelation time at 100*^0 was determined, respectively The results are shown in Table 1. 



Table 1 





Example 


Reference Example 




1 


2 


3 


1 . 


2 


(l)storage stability at 40 "C 












after 1 day 


140 


127 


135 


231 


186 


after 7 days 


170 


160 


150 


328 


498 


after 14 days 


180 


165 


185 


537 


gelation 


(2)Na3 dumbbell property (100°C x 10 min) 












breaking strength (kgf/cm^) 


21.9 


29.8 


35.5 


22.3 


15.6 


elongation at break (%) 


280 


300 


260 


270 


200 


(3)geiation time 


^10 sec 


^10 sec 


^10 sec 


<10 sec 


^10 sec 
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Preparation 3 : Preparation of a fine particles-coated amine 

5 1,12-dodecane diamine having a mean particle size of about 8 pm (melting point 71*C. 76.9 parts) and ultra fine 
particles of titanium oxide having a mean particle size of about 0.02 ^m (23.1 parts) were mixed and grinded in a Hi-X 
Mixer (manufactured by Nissin Engineering K.K.) to give a fine particles-coated amine having a mean particle size of 
about 8 pm (100 parts). 

10 Preparation 4 : Preparation of a fine particles-coated amine 

4.4'-diaminodiphenylmethane having a mean particle size of about 12 [im (melting point 91 °C, 98 parts) and a dis- 
persion of a hydrophobic silica having a mean particle size of about 0.02 |iim (2 parts) in n-hexane were treated with a 
wet blending process using Dispercoat (manufactured by Nissin Engineering K.K.) to give a fine particles-coated amine 
15 having a mean particle size of about 12 ]nm (100 parts). 

Preparation 5 : Preparation of a fine particles-coated amine 

1.10-dodecane diamine having a mean particle size of about 2 mm (melting point 62''C, 71.4 parts) and titanium 
20 oxide having a mean particle size of about 0.02 |im (28.6 parts) were mixed and the mixture was ground in a jet mill to 
give a fine particles-coated amine having a mean particle size of about 10 ^m (100 parts). 

Example 4 

25 The prepolymer having a terminal NCO prepared in Preparation 1 (86.5 parts), the fine particles-coated amine in 
Preparation 3 (1.4 parts) and a liquid isocyanate compound (Sumidur 44V-20) (2.1 parts) were mixed and dispersed 
using a Chemistirrer to give a one-pack type heat curable composition. 

Example 5 

30 

The prepolymer having a terminal NCO prepared in Preparation 1 (90.9 parts), the fine particles-coated amine in 
Preparation 4 (8.3 parts) and a liquid isocyanate compound (Sumidur 44V-20) (0.8 parts) were mixed and dispersed 
using a Chemistirrer to give a one-pack type heat curable composition. 

35 Example 6 

■11 

The prepolymer having a terminal NCO prepared in Preparation 1 (89.2 parts) and the fine particles-coated amine 
in Preparation 5 (8.9 parts) were mixed and dispersed using a Chemistirrer. and thereafter, a liquid isocyanate com- 
pound (Sumidur 44V-20) (1 .9 parts) was mixed and dispersed using the Chemistirrer to give a one-pack type heat cur- 
40 able composition. 

Example 7 

The prepolymer having a terminal NCO prepared in Preparation 1 (84.2 parts), the fine particles-coated amine pre- 
45 pared in the same manner of Preparation 3 (12.8 parts) except using a hydrophobic silica instead of the ultra fine par- 
ticles of titanium oxide and a liquid isocyanate compound (Additive T1 . manufactured by Bayer Corp.) (3.0 parts) were 
mixed and dispersed using a Chemistirrer to give a one-pack type heat curable composition. 

The one-pack type heat curable compositions in Examples 4 to 7 were also subjected to the same experiments as 
mentioned above. The results are shown in Table 2. 

50 



55 
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Table 2 





Example 
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5 
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(1)storage stability at 40''C 










after 7 days 


111 


115 


160 


130 


after 14 days 


114 


120 


170 


135 


(2)No.3 dumbbell property (100'C x 10 min) 










breaking strength (kgf/cm^) 


45.0 


51 


40 


48 


elongation at break (%) 


200 


180 


200 


170 


(3)gelation time 


<10 sec 


^10 sec 


^10 sec 


^10 sec 



20 

Industrial Aoolicabiiitv 

The composition of this invention (Example 1 to 7) shows an excellent storage stability with keeping a level of phys- 
ical propertiies at low-temperature curing (100''C x 1 min). and hence is useful as a sealant, a coating material (includ- 
es ing a paint), an adhesive and other formed products. 

Claims 

1 . A heat curable composition which comprises 

30 

(A) a polyisocyanate compound and an urethane prepolymer having a terminal active isocyanate group which 
is prepared by reacting a polyol component with an excess amount of a polyisocyanate compound, which are 
used each alone or in combination thereof; and 

(B) a fine particles-coated amine which is prepared by coating an active amino group on the surface of a solid 
35 amine having a melting point of >50 ''C and a mean particle size of <20 pm with fine particles having a mean 

particle size of s2 |am in a ratio of the solid amine / the fine particles of 1/0.001 to 0.5 by weight. 

2. The heat curable composition according to claim 1, wherein the component (A) and the component (B) are incor- 
porated in an equivalent ratio of the amino group and the isocyanate group of 1 :0.5 to 2.0 after heat-activation. 

40 

3. The heat curable composition according to any one of claims 1 and 2, wherein the remaining active amino groups 
of the fine particles-coated amine (B) are additionally inactivated by reacting with a liquid isocyanate compound, 
said liquid isocyanate compound being incorporated in a equivalent ratio of the amino group ofthe solid amine and 
the isocyanate group of the liquid isocyanate compound of 1:0.01 to 0.5, 

45 

4. The heat curable composition according to any one of claims 1 to 3. wherein a multifunctional epoxy resin is added 
as the component (C). ^ 

5. An amine coated by fine particles which is prepared by coating an active amino group on the surface of a solid 
so amine having a melting point of >50 ^'C and a mean particle size of <20 pm with fine particles having a mean par- 
ticle size of ^2 \xm in a ratio of the solid amine and the fine particles of 1 :0.001 to 0.5 by weight. 

6. The fine particles-coated amine according to claim 5. wherein the remaining active amino groups of the fine parti- 
cles-coated amine (B) are additionally inactivated by reacting with a liquid isocyanate compound, said liquid isocy- 

55 anate compound being incorporated in a equivalent ratio of the amino group of the solid amine and the isocyanate 
group of the liquid isocyanate compound of 1 :0.01 to 0.5. 



7. 



The fine particles-coated amine according to claims 5 or 6 being useful as a curing agent. 
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